suMMARY A controlled trial was undertaken to examine the efficacy of physical training in patients recovering from the replacement of a single heart valve.
In recent years considerable interest has been shown in the physical rehabilitation of patients suffering from ischaemic heart disease and rehabilitation programmes for these patients are an integral feature of the health service of many countries. In contrast, physical training in patients with other forms of cardiac disease, particularly those undergoing surgery for valvular diseases of the heart, has received little attention.' A programme of physical training for these patients could be justified readily, however, from the known effects of training and bed-rest on cardiorespiratory fitness.
Patients commonly present for valve surgery after years of partial, or even complete, impairment of physical activity. Cardiorespiratory fitness will be further impaired by surgical trauma and postoperative bed-rest.2 3 Therefore, patients recovering from, albeit successful, cardiac surgery are not in an optimum state of cardiorespiratory fitness,4 especially after mitral valve replacements and in patients in whom a valve lesion is caused by rheumatic heart disease known to impair cardiac performance.5 6 Such a proposition is supported by the observation that haemodynamic improvement (as Received for publication 31 March 1980 defined by catheter studies made at rest) is not reflected in comparable "functional" improvement.7 8 The present study was undertaken to establish the efficacy of physical training in patients recovering from the replacement of a single heart valve. A suitable training programme, and an exercise test which provides a valid index of cardiorespiratory fitness have been examined and the results reported previously.9
Subjects and method ( 
1) SELECTION OF 24 PATIENTS FOR STUDY
Only patients who had undergone a single heart valve replacement (aortic or mitral) were considered for entry to the trial. Two weeks after operation these patients were assessed by a cardiologist (JBS) who, with supportive evidence from certain laboratory investigations (for example blood urea, haemoglobin, FEV1%) adjudged them to be a "satisfactory operative result". Clinical criteria adopted in reaching this decision were the absence of: (a) angina pectoris, (b) significant murmurs, (c) clinical signs of heart failure, (d) anaemia, (e) significant pulmonary and renal disease, and (f) significant joint disease or other disabilities preventing an exercise test. Patients who had been admitted in atrial fibrillation which was controlled with digoxin after operation were considered for entry to the trial. Patients maintained on antiarrhythmic agents after operation were excluded. Only patients who gave their formal consent to undergo a sequence of postoperative exercise tests on a bicycle ergometer were accepted for the study. The procedure for this investigation was approved by the hospital ethical committee.
At entry to the trial, the patients were allocated to a trial group or to a control group solely according to convenience of travel as determined by domicile; all patients lived and worked within the West Yorkshire industrial conurbation. ( 
2) PROCEDURE FOR TRIAL
Exercise tests were performed on all patients between two and three weeks after operation, and then 12 and 24 weeks after this first test, when the clinical progress of each patient was also reviewed. After their first exercise test patients in the test group undertook the training programme for 24 weeks. In each test, an attempt was made to obtain a relation between the heart rate and the oxygen consumption for a series of submaximal work loads.
(a) Procedure All patients were tested at least two hours after their most recent meal. After sitting or lying quietly for 15 to 20 minutes they mounted an electrically braked bicycle ergometer (Elema Schonander, Type 380) and the procedure was explained to them. Saddle height was set at maximum comfortable leg extension and remained unchanged for each patient on subsequent retesting. After the attachment of electrocardiograph electrodes patients remained seated on the bicycle ergometer for five to 10 minutes in order to obtain a steady "initial heart rate". Any electrocardiographic abnormalities present at rest were recorded.
Usually six submaximal work loads were presented to each patient. These were arranged in three pairs in a discontinuous but increasing series as illustrated in Fig. 1 Patients trained daily at home but also attended the physiotherapy department at least once every two weeks. Several patients elected voluntarily to attend for supervised training twice weekly.
Results
The investigation was conducted on a total of 24 patients, 12 in the control group, and 12 in the test group. Their relevant anthropometric and clinical details are given in Table la and b. The 12 control subjects had a mean age of 39 7 years (SEM ±5 6) and a mean body weight of 66-3 kg (SEM ±3-5). Eight of the control subjects had aortic valve disease and four had mitral valve disease. The causes of valve lesion were rheumatic in six patients, congenital in four patients, and calcific aortic disease in the remaining two patients. The 12 subjects in the test group had a mean age of 39 '7 years (SEM ±3 9) and a mean body weight of 63-2 kg (SEM-1.9). Seven of the test subjects had aortic valve disease and five mitral valve disease. The causes of valve lesion were rheumatic in nine patients, congenital in two patients, and infective endocarditis in the remaining patient. Three patients in each group (cases 9, 11, and 12 in Table la In order to establish the statistical significance of the movements of these lines, the technique described by Snedecor and Cochran was adopted. 9 12 This method compared first the slopes of the two regression lines, and second, the adjusted means to show whether the two groups of data fitted a single regression line or separate ones; that is whether the "movement" of the regression lines to the left or right was significant.
This test was used to compare the results of the 12-week and 24-week tests in each patient ( Fig. 2 to 4 ) was confirmed as a significant difference (p < 0 05). There were also significant but less consistent alterations in slope. In the control group significant alterations in slope and movements of the regression lines were also found but inspection of Fig. 2 and 3 indicates that these differences were random rather than systematic. These differences within the control group may relate to the type of valve replacement, lesion, and aetiology. In contrast, there ;~~~~~~il * Case 6 u U-5 No attempt was made to determine the effort tolerance of patients. All patients, however, showed an improved subjective tolerance of the higher work loads, imposed at the 12-week test. At 24 weeks further subjective improvement was more evident in the test group. This is reflected in the consistently higher loads and thus higher levels of steady state oxygen consumption achieved (cf Fig. 3 and 4) . 3 and 4) . Treatment was instituted for subacute bacterial endocarditis. Though this patient did not start training, the regression line obtained at 24 weeks (line c) again shows a "movement" to the right; commensurate with the results of other patients in the control group. CASE 14 Preoperatively this 18-year-old man was asymptomatic. He entered the test group after aortic valve replacement to correct residual congenital aortic stenosis (a valvotomy had been performed when this patient was 5 years old). During the first 12 weeks he made rapid progress through the exercise programme. The regression line from the 12 This 58-year-old man entered the trial after correction of aortic regurgitation by aortic valve replacement. After 10 weeks of training he was unable to complete the exercise sequences within the required time and exercise was associated with worsening dyspnoea and a pronounced tachycardia. He complained of feeling "worse off" than before the operation. Clinical examination confirmed a diagnosis of progressive cardiac failure. The exercise test performed at 12 weeks resulted in a regression line (line b) lying to the left of the immediate postoperative line (line a). After treatment, and on long-term diuretic therapy, this patient undertook a further exercise test at 24 weeks. This test resulted in a regression line with a position well to the right of the previous two tests. CASE 
23
This 55-year-old woman underwent mitral valve replacement for the correction of mitral stenosis. Domestic circumstances prevented her from continuing the exercise programme after 12 weeks. operation. However, the line from the exercise test at 24 weeks (line c), after discontinuing training, was to the left of the 12 week position, a finding previously noted in patients of the control group (Fig. 3) This index was therefore selected to follow sequential alterations from a postoperative baseline. This baseline reflected the combined effects of preoperative limitation of activity, surgical intervention, and postoperative immobilisation. It was not possible to state that individual patients showed an equal deterioration of cardiorespiratory fitness at this time; only that changes within a given patient would be detected. In addition, it was not possible to predict the nature of the mechanism responsible for these changes. It is of interest, however, that most of the patients with rheumatic heart disease and with mitral valve replacement in the control group failed to show a detectable improvement using this index. In contrast, most of the remaining patients with non-rheumatic heart disease continued to improve in the postoperative period. That recovery in the rheumatic heart is less satisfactory than that in the non-rheumatic heart has been documented in previous investigations using catheter studies and changes in cardiac output relative to oxygen consumption at rest and exercise5 8 ACCEPTABLE TRAINING PROGRAMME A training programme for cardiac patients should allow individual prescription, be gently graded, safe, and cause minimal interference with normal daily routine. The 5BX/XBX exercise programme satisfied these criteria in normal subjects9 and in patients with angina pectoris.'8 No complications attributable to training arose in the eight patients who undertook the complete training procedure. Several patients approached closely to the age related "goal level" of this programme but none actually achieved it. This may reflect an initial low level of fitness or an inability to attain targets predicted from normal individuals. The postexercise heart rate after a training session (recorded over the first 20 s after exercise) was between 130 and 160 beats/min. Individual recovery heart rates first became higher and then consistent as training progressed. This finding illustrates the carefully graded nature of the exercise sequences.
Twelve rheumatic heart disease and with mitral valve replacement who did not participate in the training programme failed to maintain this improvement. Therefore, successful insertion of a prosthetic valve did not result in sustained improvement in cardiorespiratory fitness 12 weeks after surgery but this was endowed by a suitable physical training programme. The improvement in the test group was reflected in a reported increase in normal daily activity compared with control patients. It is not known, however, whether this improvement will be maintained when regular physical training is withdrawn 24 weeks after operation.
SEQUENTIAL POSTOPERATIVE EXERCISE TESTS
A progressive limitation of exercise tolerance is a common presenting symptom of adult valvular heart disease. Functional disability is commonly graded in these terms, to lend a degree of "objectivity" to the assessment of individual patients (for example the widely used New York Heart Association classification)."' Assessment by means of a formal exercise test is therefore a logical development,20 21 particularly as discrepancies have been shown between the subjective account of symptoms and the results of exercise tests. 22 This approach has not been generally adopted, however, except as an adjunct to catheter studies. Similarly, pre-and postoperative exercise tests, to adjudge the efficacy of surgical intervention, have not been developed, though several recommendations have been made to this effect.22 23 The results of the present study emphasise the individual pattern of recovery observed after cardiac surgery. The timing of a sequence of postoperative exercise tests would therefore require careful consideration. A major reason patients gave for consenting to enter this trial was that an exercise test would help them find out "what I can do". This suggested that sequential postoperative exercise tests might play a useful role in the follow-up and counselling of these patients. The results in patients who developed postoperative complications supported this approach, though they were essentially anecdotal observations. A formal trial of exercise tests used in this manner, however, would indicate their value. 
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